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Abstract: Weedy rice exerts a severe impact on rice production by competing for sunlight, water and 
nutrients. This study assayed the population structure, genetic diversity and origin of Northeast Asia weedy 
rice by using 48 simple sequence repeat markers. The results showed that weedy rice in Northeast Asia 
had a high genetic diversity, with Shannon’s diversity index (I) of 0.748 and the heterozygosity (He) of 
0.434. In each regional population, I value varied widely. The widest range of I (0.228–0.489) was observed 
in the weedy rice of Eastern China, which was larger than that of Northeast China and Korea (0.168–0.270). 
The F-statistics of regional populations (Fis, Fit and Fst) also showed higher values in the weedy rice of 
Eastern China than those of Northeast China and Korea. All weedy rice accessions were grouped into 
two clusters in the unweighted pair group method with arithmetic mean cluster analysis dendrogram, 
namely Eastern China branch and Northeastern China plus Korea branch. There was significant differentiation 
in genetic characteristics in weedy rice of northeastern and eastern Asia, especially in Eastern China. 
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Rice (Oryza sativa L.) is the staple food and principal 
crop in Asia, which accounts for 30%–50% of the total 
agricultural production and for 50%–80% of the dietary 
intake of Asians (Hossain and Narciso, 2003). Weed, 
which competes with productive crop in agricultural 
ecosystems for nutrients, water and sunlight (Dekker, 
1997; Ma et al, 2014), is a major obstacle to the 
improvement of rice production. Weedy rice is a 
variety of rice that produces far fewer grains per plant 
than cultivated rice and is therefore referred to as 
weed in paddy fields. Weedy rice distributes broadly 
across rice-growing regions, especially where direct 
seeding and intensive production prevail, and it seems 
to possess a wide variation in its biological characteristics 
(Bres-Patry et al, 2001). Weedy rice typically grows 
naturally in and around rice fields. Some accessions of 
weedy rice are similar to wild rice, which also have a 
red pericarp, black hull, long awn, light seed weight, 
strong seed dormancy and easy seed shattering, 
whereas other accessions are similar to rice cultivars 
except for fewer grains produced (Jiang et al, 1985; 
Oka, 1988; Cho et al, 1995; Xu and Wu, 1996; Suh et al, 
1997; Federici et al, 2001; Zhang et al, 2002; Londo et al, 
2006; Li et al, 2006, 2008). Weedy rice has high 
tolerance to cold and saline conditions at the germination 
and seedling stages and has enhanced rooting capability 
(Chen et al, 2004; Yu L Q et al, 2005).  
Weedy rice is presently common in countries such 
as Bangladesh, Brazil, Bhutan, China, India, Japan, 
Korea, Nepal, Thailand and the United States (Li et al, 
2014). Weedy rice can also be found in many rice 
cultivation areas in China, especially in Heilongjiang, 
Jilin and Liaoning provinces in the northeast; Jiangsu 
and Shanghai in the east; and Guangdong and Hainan 
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provinces in the south (Xu and Wu, 1996; Ma et al, 
2005; Zhang et al, 2008). The genetic features of weedy 
rice (Oryza sativa f. spontanea) have been studied based 
on morphophysiology, random amplified polymorphic 
DNA (RAPD) (Suh et al, 1997), restriction fragment 
length polymorphism (Cho et al, 1995), amplified 
fragment length polymorphism (Federici et al, 2001) 
and simple sequence repeat (SSR) (Cao et al, 2006; 
Ma et al, 2008). Weedy rice competes aggressively 
with the crop, reducing yields and contaminating 
harvest. If its spread remains unabated, rice production 
may encounter additional problems, particularly 
adverse environmental consequences due to the gene 
flow from the commercial production of genetically 
modified rice (Londo et al, 2006; Yuan et al, 2007). 
Weedy rice greatly affects the stability and level of 
rice production, but its complete and long-term 
control remains unaddressed. One of the most 
important reasons for the continued growth of weeds 
is their biodiversity. Biodiversity is an inevitable 
consequence of the struggle of individual weed 
species in the presence of neighbors and of occupying 
a physical space in an agroecosystem. Weeds have 
evolved in response to cropping system practices by 
adapting and occupying the niches left available in 
agroecosystems (Dekker, 1997). Therefore, a broad 
understanding of the genetic diversity of weeds is a 
major prerequisite for their effective managements.  
Elucidating the origin and evolutionary processes of 
weeds has proven helpful in designing effective 
management strategies for weed control (Pyšek and 
Prach, 2003). Using RAPD and SSR markers, the 
genetic diversity of weedy rice in Liaoning Province 
of China has been examined by Yu G Q et al (2005), 
Cao et al (2006) and Ma et al (2008). In these studies, 
the weedy rice samples were collected from only a 
few locations in Liaoning Province before 2004, and 
the weedy rice may have evolved after several generations. 
In addition, with the domestic and international 
exchange of rice germplasm, weedy rice may have 
been introduced directly from anywhere in China or 
from foreign countries with seed mixture. Hybridization 
between introduced germplasm and local accessions 
may have also broadened the genetic diversity of 
weedy rice. 
To evaluate the genetic diversity of weedy rice and 
to examine the population differentiation and origin of 
weedy rice in Northeast Asia, 76 weedy rice accessions 
and 21 cultivated rice varieties were assayed using 
SSR markers. 
MATERIALS AND METHODS 
Plant materials 
More than 1000 accessions of weedy rice were 
collected after an extensive investigation of the 
distribution and occurrence of weedy rice in Northeast 
and East China in rice harvest seasons from 2000 to 
2010. The seed samples of weedy rice were collected 
from paddy fields. All the weedy rice samples used for 
the SSR assay were selected according to their origins 
and biological characteristics (Li et al, 2006, 2008). 
Seventy-six strains of weedy rice were selected (Table 
1). For the analysis of the genetic relationships of 
weedy rice and cultivated rice, the genetic background 
of 21 strains of cultivated rice was examined (Table 2). 
Cultivated rice was selected from four corresponding 
areas, Shanghai, Jiangsu and Liaoning in China and 
Chungcheong in Korea. Total genomic DNA was 
extracted from one healthy leaf at the tillering stage. 
The DNA extraction process was performed according 
Table 1. Origins, codes and collected years of Northeast Asia 
weedy rice accessions used for SSR analysis. 
Origin Code for each material a Year 
Qingpu, Shanghai, China Qp-1, Qp-2, Qp-3, Qp-4, Qp-5 2008 
Jiading, Shanghai, China Jd-1, Jd-2, Jd-3, Jd-4, Jd-5, Jd-6 2007 
Nanhui, Shanghai, China Nh-1, Nh-2, Nh-3, Nh-4 2010 
Pudong, Shanghai, China Pd-1, Pd-2, Pd-3, Pd-4, Pd-5 2009 
Chongming, Shanghai, China Cm-1, Cm-2, Cm-3, Cm-4, Cm-5 2008 
Fengxian, Shanghai, China Fx-1, Fx-2, Fx-3, Fx-4, Fx-5 2009 
Taizhou, Jiangsu, China Tz-1, Tz-2, Tz-3, Tz-4, Tz-5 2005 
Shenyang, Liaoning, China Sy-1, Sy-2, Sy-3, Sy-4, Sy-5 2000 
Tieling, Liaoning, China Tl-1, Tl-2, Tl-3, Tl-4, Tl-5 2004 
Haicheng, Liaoning, China Hc-1, Hc-2, Hc-3, Hc-4, Hc-5 2003 
Dandong, Liaoning, China Dd-1, Dd-2, Dd-3, Dd-4, Dd-5 2004 
Gongzhuling, Jilin, China Gz-1, Gz-2, Gz-3, Gz-4, Gz-5 2006 
Jiamusi, Heilongjiang, China Jm-1, Jm-2, Jm-3, Jm-4, Jm-5 2005 
Yesan, Chungcheong, Korea Ys-1, Ys-2, Ys-3, Ys-4, Ys-5 2000 
Seosan, Chungcheong, Korea Ss-1, Ss-2, Ss-3, Ss-4, Ss-5, Ss-6 2000 
Qp, Qingpu; Jd, Jiading; Nh, Nanhui; Pd, Pudong; Cm, Chongming; 
Fx, Fengxian; Tz, Taizhou; Sy, Shenyang; Tl, Tieling; Hc, Haicheng; 
Dd, Dandong; Gz, Gongzhuling; Jm, Jiamusi; Ys, Yesan; Ss, Seosan. 
a The numbers represent weedy rice accessions from each location. 
Table 2. List of cultivated rice collected in Northeast Asia used for 
SSR analysis. 
Origin Code Accession name 
Shanghai, China C-Sh Jinfeng, Youfeng, Hanfeng, Qiufeng 
Jiangsu, China C-Js Xiushui 7, Xiushui 9, Xiushui 61, Xiushui 110, 
Wuyunjing 7, Wuyunjing 3, Zhendao 88 
Liaoning, China C-Ln Liaojing 9, Liaojing 294, Liaojing 371, 
Liaoxing 15, Shendao 7 
Chungcheong, Korea C-Cc Ilpum, Singeumo, Gopum, Dongjin 2, Yeon 308 
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to Doyle and Doyle (1987).  
SSR markers and PCR 
Forty-eight SSR primers, located on the 12 rice 
chromosomes, were used to assay the genetic variation 
of the following materials. All markers were designed 
from cultivated rice based on the website http://www. 
gramene.org and further details are listed in Table 3. 
PCR amplification was performed with Applied 
Biosystems GeneAmp 9700 (Applied Biosystems, 
United States). The initial denaturation period was 5 
min at 94 ºC, followed by 35 cycles of 30 s at 94 ºC, 
30 s at 55 ºC and 30 s at 72 ºC, and a final extension 
step for 7 min at 72 ºC. Reactions were carried out in 
a 20 ȝL mixture containing 30 ng of genomic DNA, 
200 nmol/L of each primer, 250 ȝmol/L of each dNTP, 
0.6 U of Taq polymerase, and 10 × buffer. The PCR 
products were analyzed on 4% polyacrylamide 
sequencing gels and silver stained (Panaud et al, 1996). 
Statistical analysis 
To estimate microsatellite variation, genetic parameters 
such as average observed allele number (Na), effective 
number of alleles (Ne), number of polymorphic loci (No), 
percentage of polymorphic loci (P), observed 
heterozygosity (Ho), expected heterozygosity (He), 
and Shannon’s diversity index (I) were calculated. The 
F statistics, Fit (total inbreeding coefficient), Fst 
(inter-generation fixation index) and Fis (inbreeding 
coefficient) (Wright, 1978) were calculated based on 
polymorphic loci to test the departure from 
Hardy-Weinberg equilibrium and to estimate the 
genetic differentiation among weedy rice populations. 
The outcrossing rate (t) [t = (1 – Fit) / (1 + Fit)] was 
calculated based on the Fit values in order to estimate 
indirectly the mating pattern of weedy rice accessions 
(Wright, 1978). All calculations were performed using 
POPGENE version 1.31 (Yeh et al, 1999). Additionally, 
population relationships were determined on the basis 
of Nei’s unbiased genetic distance with POPGENE 
(Nei, 1978), and the unrooted neighbor-joining tree 
was subsequently visualized with Tree View (GubuSoft, 
Massachusetts, USA). Preliminary analysis for genetic 
diversity in each sample was carried out using 
Fig. 1. Distribution of weedy rice populations sampled in Northeast Asia. 
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NTSYS-pc version 2.2 (Rohlf, 1998) and the dendrogram 
by unweighted pair group method with arithmetic 
mean (UPGMA) cluster analysis for individuals based 
on the genetic diversity matrix. In addition, principle 
component analysis was performed to evaluate the 
genetic relationship between the selected weedy rice 
and cultivated rice. Two top principle components 
were selected from the genetic data matrix, which was 
conducted using STATISTICA version 9.0 (StatSoft 
Inc., Oklahoma, USA). 
RESULTS 
Genetic diversity of weedy rice 
The characteristics of the 48 SSR primers are shown 
in Table 3. All these loci yielded a total of 149 bands, 
and only RM567, RM193, RM557, RM500 and 
Table 3. Repeat mofitis, sequences and genetic diversity of SSR primers. 
Primer Chr  SSR motif Forward sequence Reverse sequence EPS Na Ne I 
RM1 1 (GA)26 GCGAAAACACAATGCAAAAA GCGTTGGTTGGACCTGAC 113 6 2.721 1.250 
RM9 1 (GA)15GT(GA)2 GGTGCCATTGTCGTCCTC ACGGCCCTCATCACCTTC 136 3 1.236 0.398 
RM14 1 (GA)18 CCGAGGAGAGGAGTTCGAC GTGCCAATTTCCTCGAAAAA 191 4 2.416 1.041 
RM23 1 (GA)15 CATTGGAGTGGAGGCTGG  GTCAGGCTTCTGCCATTCTC 145 3 1.903 0.733 
RM212 1 (CT)24 CCACTTTCAGCTACTACCAG  CACCCATTTGTCTCTCATTATG 136 2 1.403 0.462 
RM237 1 (CT)18 CAAATCCCGACTGCTGTCC TGGGAAGAGAGCACTACAGC 130 2 1.492 0.512 
RM110 2 (GA)15 TCGAAGCCATCCACCAACGAAG TCCGTACGCCGACGAGGTCGAG 156 2 1.280 0.377 
RM425 2 (CGG)9 CCAACGAAGATTCGAAGCTC CAGCACCATGAAGTCGCC 126 3 2.103 0.814 
RM525 2 (AAG)12 GGCCCGTCCAAGAAATATTG  CGGTGAGACAGAATCCTTACG 131 4 3.034 1.179 
RM1178 2 (AG)13 CAGTGGGCGAGCATAGGAG  ATCCTTTTCTCCCTCTCTCG 112 3 2.998 1.098 
RM156 3 (CGG)8 GCCGCACCCTCACTCCCTCCTC TCTTGCCGGAGCGCTTGAGGTG 160 3 2.090 0.879 
RM218 3 (TC)24ACT5(GT)11 TGGTCAAACCAAGGTCCTTC GACATACATTCTACCCCCGG 148 3 1.943 0.766 
RM489 3 (ATA)8 ACTTGAGACGATCGGACACC TCACCCATGGATGTTGTCAG 271 4 2.175 0.893 
RM8209 3 (AG)15 AGGAGAAGAGGAATCTTTGC CGATCGAGAGCTACTATTGC 188 3 1.043 0.117 
RM241 4 (CT)31 GAGCCAAATAAGATCGCTGA  TGCAAGCAGCAGATTTAGTG 138 2 1.729 0.613 
RM470 4 (CTT)14 TCCTCATCGGCTTCTTCTTC  AGAACCCGTTCTACGTCACG 83 4 3.406 1.297 
RM567 4 (GA)21 ATCAGGGAAATCCTGAAGGG  GGAAGGAGCAATCACCACTG 261 1 1.000 0.000 
RM5473 4 (TC)20 ACACGGAGATCCGAGACACGAG CGAGATTAACGTCGTCCTC 105 5 4.117 1.493 
RM31 5 (GA)15 GATCACGATCCACTGGAGCT  AAGTCCATTACTCTCCTCCC 140 6 2.737 1.266 
RM188 5 (CA)8 TCCGCCTCTCCTCTCGCTTCCC  GCAACGCACAACCGAACCGAGC 210 3 2.283 0.924 
RM430 5 (GA)25 AAACAACGACGTCCCTGATC GTGCCTCCGTGGTTATGAAC 173 5 2.922 1.217 
RM193 6 (GCT)5 CGCCTCTTCTTCCTCGCCTCCG  CGGGTCCATCCCCCCTCTCCTC 189 1 1.000 0.000 
RM276 6 (AG)8A3(GA)33 CTCAACGTTGACACCTCGTG  TCCTCCATCGAGCAGTATCA 149 4 2.113 0.960 
RM402 6 (ATA)7 GAGCCATGGAAAGATGCATG  TCAGCTGGCCTATGACAATG 133 3 1.321 0.487 
RM469 6 (AG)15 AGCTGAACAAGCCCTGAAAG  GACTTGGGCAGTGTGACATG 105 2 1.465 0.498 
RM557 6 (AC)13 GTGGCGAGATCTATGTGGTG GCTTTGTGTGTGTGTGTGTG 211 1 1.000 0.000 
RM234 7 (CT)25 ACAGTATCCAAGGCCCTGG CACGTGAGACAAAGACGGAG 156 2 1.729 0.613 
RM346 7 (CTT)18 CGAGAGAGCCCATAACTACG ACAAGACGACGAGGAGGGAC 175 3 2.132 0.867 
RM429 7 (TG)10 TCCCTCCAGCAATGTCTTTC  CCTTCATCTTGCTTTCCACC 159 3 1.876 0.744 
RM500 7 (AAG)9 GAGCTTGCCAGAGTGGAAAG GTTACACCGAGAGCCAGCTC 259 1 1.000 0.000 
RM256 8 (CT)21 GACAGGGAGTGATTGAAGGC  GTTGATTTCGCCAAGGGC 127 2 1.021 0.058 
RM264 8 GA)27 GTTGCGTCCTACTGCTACTTC  GATCCGTGTCGATGATTAGC 178 5 2.586 1.149 
RM281 8 (GA)21 ACCAAGCATCCAGTGACCAG  GTTCTTCATACAGTCCACATG 138 3 2.073 0.799 
RM408 8 (CT)13 CAACGAGCTAACTTCCGTCC  ACTGCTACTTGGGTAGCTGACC 128 3 2.014 0.783 
RM515 8 (GA)11 TAGGACGACCAAAGGGTGAG TGGCCTGCTCTCTCTCTCTC 211 4 2.419 1.005 
RM201 9 (CT)17 CTCGTTTATTACCTACAGTACC CTACCTCCTTTCTAGACCGATA 158 2 1.741 0.617 
RM242 9 (CT)26 GGCCAACGTGTGTATGTCTC TATATGCCAAGACGGATGGG 225 3 1.916 0.807 
RM257 9 (CT)24 CAGTTCCGAGCAAGAGTACTC  GGATCGGACGTGGCATATG 147 4 3.504 1.314 
RM566 9 (AG)15 ACCCAACTACGATCAGCTCG   CTCCAGGAACACGCTCTTTC 239 3 1.879 0.802 
RM216 10 (CT)18 GCATGGCCGATGGTAAAG TGTATAAAACCACACGGCCA 146 3 1.291 0.436 
RM228 10 (CA)6(GA)36 CTGGCCATTAGTCCTTGG  GCTTGCGGCTCTGCTTAC 154 7 4.632 1.693 
RM484 10 (AT)9 TCTCCCTCCTCACCATTGTC TGCTGCCCTCTCTCTCTCTC 299 1 1.000 0.000 
RM224 11 (AAG)8(AG)13 ATCGATCGATCTTCACGAGG TGCTATAAAAGGCATTCGGG 157 4 2.390 1.070 
RM286 11 (GA)16 GGCTTCATCTTTGGCGAC CCGGATTCACGAGATAAACTC 110 4 2.484 1.066 
RM17 12 (GA)21 TGCCCTGTTATTTTCTTCTCTC  GGTGATCCTTTCCCATTTCA 184 3 1.349 0.495 
RM101 12 (CT)37 GTGAATGGTCAAGTGACTTAGGTGGC  ACACAACATGTTCCCTCCCATGC 324 3 2.563 1.001 
RM277 12 (GA)11 CGGTCAAATCATCACCTGAC  CAAGGCTTGCAAGGGAAG 124 2 1.929 0.675 
RM1103 12 (AG)12 CAGCTGCTGCTACTACACCG  CTACTCCACGTCCATGCATG 216 2 1.792 0.634 
Chr, Chromosome; EPS, Expected PCR product size; Na, Observed number of alleles; Ne, Effective number of alleles; I, Shannon’s information index. 
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RM484 showed no polymorphism among 76 weedy 
rice and 21 cultivated rice accessions. The number of 
alleles (Na) at specific loci ranged from 1 at RM567, 
RM193, RM557, RM500 and RM484 to 7 at RM228, 
and on the average, 3 alleles per locus were identified 
across all populations. The effective number of alleles 
(Ne) ranged from 1.000 (also at RM567, RM193, 
RM557, RM500 and RM484) to 4.632 (also at 
RM228) and the I values ranged from 0 to 1.693.  
Differentiation of weedy rice accessions 
The genetic diversity of 76 weedy rice accessions 
from 15 areas is listed in Table 4. The highest Na 
(1.958) was found in the Taizhou population (Jiangsu, 
China), and the lowest (1.292) was in the 
Gongzhuling population (Jilin, China). The highest 
percentages of polymorphic loci (P) and expected 
heterozygosity were also observed in Taizhou and the 
lowest in Gongzhuling. The Fst value revealed nearly 
0.606 of the total genetic variation existing among 
regions. Genetic differentiation among accessions of a 
region was not evenly distributed across the sample 
area, Fst ranged from 0.149 (Taizhou) to 0.554 
(Pudong). The Fis within accessions was in the range 
of 0.708–1.000 with an average of 0.931, which 
means most of the sites showed homozygote excess.  
In order to examine the population relationship and 
genetic structure of weedy rice, 15 weedy rice groups 
Table 4. Genetic characteristics of 76 weedy rice accessions in Northeast Asia by POPGENE according to 48 SSR markers. 
Origin Na Ne I No P (%) Ho He  Fis Fit Fst t 
Qingpu (Qp), Shanghai, China 1.833 1.560 0.422 30 62.50 0.034 0.295  0.855 0.883 0.192 0.062 
Jiading (Jd), Shanghai, China 1.458 1.300 0.228 15 31.25 0.000 0.155  1.000 1.000 0.230 0.000 
Nanhui (Nh), Shanghai, China 1.458 1.309 0.261 21 43.75 0.010 0.202  0.871 0.940 0.538 0.031 
Pudong (Pd), Shanghai, China 1.667 1.434 0.367 29 60.42 0.004 0.272  0.951 0.978 0.554 0.011 
Chongming (Cm), Shanghai, China 1.458 1.313 0.259 20 41.67 0.013 0.193  0.911 0.934 0.257 0.034 
Fengxian (Fx), Shanghai, China 1.708 1.416 0.365 29 60.42 0.050 0.262  0.708 0.785 0.263 0.120 
Taizhou (Tz), Jiangsu, China 1.958 1.685 0.489 31 64.58 0.067 0.337  0.728 0.769 0.149 0.131 
Shenyang (Sy), Liaoning, China 1.375 1.260 0.213 17 35.42 0.008 0.158  0.893 0.939 0.424 0.031 
Tieling (Tl), Liaoning, China 1.500 1.334 0.270 20 41.67 0.004 0.195  0.963 0.976 0.340 0.012 
Haicheng (Hc), Liaoning, China 1.500 1.308 0.266 21 43.75 0.004 0.193  0.972 0.980 0.282 0.010 
Dandong (Dd), Liaoning, China 1.458 1.349 0.269 20 41.67 0.004 0.202  0.975 0.981 0.235 0.010 
Gongzhuling (Gz), Jilin, China 1.292 1.218 0.168 12 25.00 0.000 0.124  1.000 1.000 0.241 0.000 
Jiamusi (Jm), Heilongjiang, China 1.438 1.337 0.258 19 38.58 0.000 0.193  1.000 1.000 0.468 0.000 
Yesan (Ys), Chungcheong, Korea 1.458 1.269 0.231 19 38.58 0.009 0.163  0.907 0.936 0.313 0.033 
Seosan (Ss), Chungcheong, Korea 1.542 1.27 0.267 25 52.08 0.007 0.186  0.947 0.959 0.234 0.021 
Overall 3.104 2.047 0.748 43 85.58 0.012 0.434  0.931 0.973 0.606 0.014 
Na, Observed number of alleles; Ne, Effective number of alleles; I, Shannon’s diversity index; No, Number of polymorphic loci; P, Percentage of 
polymorphic loci; Ho, Observed heterozygosity; He, Expected heterozygosity; Fis, Fit and Fst, F-statistics of regional populations referred to Hartl 
and Clark (1989); t, outcrossing rate, t = (1 – Fit) / (1 + Fit). 
Table 5. Genetic distance (Nei, 1978) among weedy rice groups in Northeast Asia. 
Origin Qp Jd Nh Pd Cm Fx Tz Sy Tl Hc Dd Gz Jm Ys 
Jd 0.078              
Nh 0.130 0.115             
Pd 0.093 0.145 0.112            
Cm 0.076 0.143 0.173 0.174           
Fx 0.446 0.579 0.543 0.410 0.527          
Tz 0.443 0.578 0.552 0.416 0.476 0.184         
Sy 0.738 0.889 0.832 0.622 0.777 0.254 0.145        
Tl 0.715 0.850 0.902 0.652 0.689 0.266 0.228 0.085       
Hc 0.698 0.854 0.941 0.689 0.721 0.211 0.162 0.114 0.068      
Dd 0.697 0.822 0.934 0.744 0.743 0.258 0.185 0.170 0.121 0.060     
Gz 0.747 0.859 0.930 0.737 0.821 0.311 0.199 0.202 0.201 0.103 0.087    
Jm 0.665 0.771 0.904 0.668 0.760 0.246 0.220 0.188 0.208 0.115 0.107 0.098   
Ys 0.721 0.849 0.863 0.687 0.828 0.228 0.220 0.157 0.180 0.115 0.138 0.106 0.053  
Ss 0.254 0.273 0.246 0.309 0.361 0.469 0.518 0.767 0.809 0.771 0.776 0.666 0.660 0.627 
Qp, Qingpu, Shanghai, China; Jd, Jiading, Shanghai, China; Nh, Nanhui, Shanghai, China; Pd, Pudong, Shanghai, China; Cm, Chongming, 
Shanghai, China; Fx, Fengxian, Shanghai, China; Tz, Taizhou, Jiangsu, China; Sy, Shenyang, Liaoning, China; Tl, Tieling, Liaoning, China; Hc, 
Haicheng, Liaoning, China; Dd, Dandong, Liaoning, China; Gz, Gongzhuling, Jilin, China; Jm, Jiamusi, Heilongjiang, China; Ys, Yesan, 
Chungcheong, Korea; Ss, Seosan, Chungcheong, Korea. 
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and 4 cultivated rice groups were analyzed by the 48 
SSR markers. Table 5 summarizes the genetic distances 
among weedy rice groups in Shanghai, Jiangsu, Liaoning, 
Jilin and Heilongjiang in China, and Chungcheong in 
Korea. The highest genetic distance of 0.941 existed in 
groups from Haicheng (Liaoning) and Nanhui (Shanghai), 
while the lowest (0.053) was found in groups from 
Jiamusi (Heilongjiang) and Yesan (Chungcheong, 
Korea). The genetic diversity among Liaoning weedy 
rice groups ranged from 0.060 (between Dandong and 
Haicheng) to 0.170 (between Dandong and Shenyang), 
but ranged wider from 0.211 (between Haicheng and 
Fengxian) to 0.941 (between Tieling and Nanhui) 
between Liaoning and Shanghai districts. 
Genetic relationships of weedy rice accessions 
An unrooted neighbor-joining tree (Fig. 2), which was 
constructed based on the genetic distances among 
groups, was used to illustrate the genetic relationships 
among the various groups. According to the figure, 
weedy rice accessions from Shanghai (Qp, Jd, Nh, Pd 
and Cm) were clustered closely into a large group, those 
from Northeast China (Sy, Tl, Hc, Dd, Gz and Jm) into 
another group, and all cultivated rice was clustered 
into the third group (C-Sh, C-Js, C-Ln and C-Cc). 
The UPGMA dendrogram (Fig. 3) showed that the 
weedy rice of Shanghai (Qp, Jd, Nh, Pd, Cm and Fx) 
and Jiangsu (Tz) belonged to cluster I, those of 
Northeast China (Sy, Tl, Hc, Dd, Gz and Jm) and 
Chungcheong (Ys and Ss) belonged to cluster II, and 
cultivated rice belonged to cluster III. 
The genetic relationship of weedy rice and cultivated 
rice individually was performed by principle component 
analysis (Fig. 4). The scatter plot of the first and 
second principle components showed a clear genetic 
variation and differentiation pattern of Northeast Asia 
weedy rice and cultivated rice. Individual weedy rice 
from Shanghai (particularly from Fengxian, south of 
Shanghai) scattered over a very large area in the plot, 
suggesting its high level of genetic diversity, whereas 
individual weedy rice from Liaoning, Jilin and 
Heilongjiang, China and Chungcheong, Korea scattered 
over a very small area in the plot, suggesting its low 
level of genetic diversity. Cultivated rice also scattered 
in a small area, suggesting its low level of genetic 
diversity. All these findings showed that weedy rice 
individuals from each region tend to be clustered 
together, and the major differentiation is among regions. 
DISCUSSION 
High genetic diversity is found in Shanghai weedy 
rice population 
Weedy rice has been a notorious weed in the paddy 
fields for a long time. The first reported weedy rice in 
China is ‘Lvdao’ in Lianyungang, Jiangsu Province 
(Jiang et al, 1985). With changing cultivation practices, 
weedy rice once disappeared in China but re-appeared 
in recent years with the spread of direct seeding (Xu 
and Wu, 1996; Ma et al, 2005). In this study, SSR 
markers were used to evaluate the population structure 
and genetic diversity of Northeast Asia weedy rice. 
Most SSR markers amplified more than two bands 
among all materials, which is higher than the results 
of Yu G Q et al (2005), but is similar to the result of 
Cao et al (2006). In the studies of Cao et al (2006) and 
Ma et al (2008), only Liaoning weedy rice was 
estimated. With the enlarged scale of sampling in 
weedy rice accessions from Shanghai, Jiangsu, Jilin 
and Heilongjiang, China, and Chungcheong, Korea, 
we studied more weedy rice accessions from a wider 
scope and more accessions than previous research, and 
higher He (0.434) and I (0.748) were found compared 
with previous research on China’s weedy rice, He = 
0.313, I = 0.572 (Cao et al, 2006); He = 0.329, I = 
0.487 (Ma et al, 2008). Furthermore, Northeast China 
is a japonica rice growing area, but both japonica and 
Fig. 2. Unrooted neighbor-joining tree of 15 weedy rice groups 
and 4 cultivated rice groups by POPGENE, based on a 
matrix of the inferred genetic diversity. 
W, Weedy rice; C, Cultivar rice; Qp, Qingpu, Shanghai, China;
Jd, Jiading, Shanghai, China; Nh, Nanhui, Shanghai, China; Pd,
Pudong, Shanghai, China; Cm, Chongming, Shanghai, China; Fx,
Fengxian, Shanghai, China; Tz, Taizhou, Jiangsu, China; Sy,
Shenyang, Liaoning, China; Tl, Tieling, Liaoning, China; Hc,
Haicheng, Liaoning, China; Dd, Dandong, Liaoning, China; Gz,
Gongzhuling, Jilin, China; Jm, Jiamusi, Heilongjiang, China; Ys,
Yesan, Chungcheong, Korea; Ss, Seosan, Chungcheong, Korea. 
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indica rice are grown in Jiangsu and Shanghai, so 
adding these two districts may fully and objectively 
reflect the genetic diversity of weedy rice in Northeast 
Asia. In the study of Cao et al (2006), the genetic 
differentiation among populations is in the range of 
0.043–0.337, or 0.348 for the overall population, 
indicating a lower value than that in the present study.  
In order to investigate the population structure of 
weedy rice, a thorough population structure analysis 
must be conducted. In this study, the population structure 
Fig. 3. Cluster diagram of 76 weedy rice and 20 rice accessions in Northeast Asia based on the genetic distance derived from 48 SSR markers,
using Nei’s unbiased genetic distance coefficients (Nei, 1978). 
C, Cultivar rice; Qp, Qingpu, Shanghai, China; Jd, Jiading, Shanghai, China; Nh, Nanhui, Shanghai, China; Pd, Pudong, Shanghai, China; Cm,
Chongming, Shanghai, China; Fx, Fengxian, Shanghai, China; Tz, Taizhou, Jiangsu, China; Sy, Shenyang, Liaoning, China; Tl, Tieling, Liaoning, 
China; Hc, Haicheng, Liaoning, China; Dd, Dandong, Liaoning, China; Gz, Gongzhuling, Jilin, China; Jm, Jiamusi, Heilongjiang, China; Ys, Yesan,
Chungcheong, Korea; Ss, Seosan, Chungcheong, Korea. 
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was shown with an unrooted neighbor-joining tree. 
Most of the weedy rice groups in Shanghai were 
clustered in a region and were similar to those in 
Northeast China. Weedy rice from Shanghai was 
distributed in a larger region than weedy rice and the 
cultivated rice from Liaoning. The genetic diversity in 
Shanghai weedy rice was 0.076–0.579, and that in 
Liaoning weedy rice was 0.060–0.202, but the genetic 
diversity between Shanghai and Liaoning weedy rice 
enlarged to 0.211–0.941. A larger genetic variation 
was found in Shanghai than in Liaoning, and a large 
variation also existed among the weedy rice groups in 
these two regions. UPGMA cluster for all accessions 
was constructed using NTSYS-pc version 2.2 (Rohlf, 
1998), detailing the relationship among all accessions 
as shown in Fig. 3. Although the individuals not fully 
clustered together, weedy rice in special areas and 
cultivated rice were generally separated. Therefore, a 
greater genetic differentiation existed among weedy 
rice accessions in Northeast Asia. The genetic 
diversity across regions was particularly greater than 
that within regions. Weedy rice in Shanghai had 
greater genetic diversity than that in Northeast China.  
Possible origin of China weedy rice 
In China, weedy rice was firstly reported in the last 
century by Jiang et al (1985), while rice cultivation 
dated back to thousands of years ago and many wild 
rice accessions existed in South China. One hypothesis 
for this phenomenon is the change in farming systems. 
Extensive cultivation may have contributed to the 
occurrence of weedy rice and its spread, with seed 
contamination during field draining and the use of 
agricultural machinery facilitating its spread. Furthermore, 
with germplasm exchange, weedy rice has been 
introduced into other places. Another hypothesis is 
gene mutation. Some weedy rice is naturally derived 
from the hybridization between cultivated plants and 
their reproductively compatible wild relatives. In 
addition, back-mutation and segregation of distant 
inter-varietal hybrids also play important roles in the 
origin of weedy rice (Baker, 1974; Burger et al, 2006; 
Londo et al, 2006). Since the indica-japonica hybrid 
rice breeding theory was first proposed by Yang and 
Zhao (1959), many rice accessions have been selected 
according to this theory, and germplasm resources 
have been greatly enriched due to indica-japonica 
hybridization. Moreover, with germplasm exchange 
across the globe in the past years, genetic diversity has 
been enhanced. Therefore, the mutation in some kinds 
of cultivated rice may have generated weedy rice, with 
different regions producing different kinds of weedy 
rice (Suh et al, 1997; Ishikawa et al, 2005; Cao et al, 
2006). As a rice cultivation region for both indica and 
japonica, Shanghai has a greater genetic diversity of 
weedy rice derived from rice accessions than 
northeastern China. Therefore, the results of the 
current study also support the hypothesis that weedy 
rice may be a mutant of cultivated rice. 
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